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INTRODUCTION
As nations develop, the demand for water increases, while availability often becomes less certain. Potential climate change impacts will exacerbate these basic demand and supply patterns in many regions of the world through extreme shifts in the hydrological cycle resulting in more frequent, extensive droughts and floods and rising sea levels.
In regional Australia, water-sharing plans have been adopted as the principal mechanism for managing and distributing water allocations, particularly where demand for water is high, water availability is limited and annual and seasonal availability is uncertain (COAG 2004) . Recent water reforms in Vietnam have followed closely those major reforms that have occurred in Australia over the past 20 or so years, including support for the use of water-sharing plans to better manage and improve certainty of the water available to users, especially during dry seasons (NTPSWS 2009 ).
Australia provides a good case study to reflect on how potential climate change impacts are addressed in watersharing plans. Firstly, from a climate perspective, watersharing plans developed for the high water demand areas of the southern and eastern regions have needed to deal with an extended drought period and the projected decrease in water availability (IPCC 2007; CSIRO 2008) 
CHANGING CLIMATES
The climate is influenced by a number of factors (e.g. solar radiation, wind speed, evaporation and precipitation). The climate has and will continue to change, and hence so will water availability. Climate variability can be broken into two types of pattern: the natural temporal variations (e.g. diurnal, annual, decadal) of these climate elements and the permanent increase in the magnitude and frequency of changes to these elements as a result of industrial activity over the past 100 years or so (Bates et al. 2010) . The term 'climate change' is related to the latter pattern.
Australia
Australia's land mass covers a range of climates including the tropical north, temperate south and east regions, the desert and semi-arid regions in the centre. Except for the far north and south regions (i.e. west coast of Tasmania), where annual rainfall can exceed 2,000 mm, Australia's rainfall is low and variable, with an average annual rainfall of less than 600 mm (CSIRO 2008) Climate change will have different impacts on availability of water depending on location and the various water demands in an area. In the south-east, the location of the Murray-Darling Basin, the annual rainfall is predicted to significantly decrease by up to 40-50% under dry extreme events by 2030 (CSIRO 2008) . However, the annual volume of rainfall in the far north is not expected to change much, although the timing and frequency is likely to (CSIRO 2009a) .
Evaporation is also predicted to increase across all of Australia, and will probably have most impact on the southeastern low rainfall areas where extraction is already high and water systems are most under stress (CSIRO 2008) .
Vietnam
Vietnam, on the other hand, has two main climates: the subtropics in the north and the tropics in the south. Annual rainfall is high, around 2,000 mm, but is unevenly distributed owing to the country's varying topography. For example, in the central region the annual rainfall in the highlands of Bach Ma mountain range is around 8,000 mm, whereas in the south-east low-lying areas, the annual rainfall is between 
THE WATER-SHARING PLANNING PROCESS
The prime function of water-sharing planning is to allocate a varying quantity of water available for use over a period of time. These plans are usually at the catchment scale in regional areas, and can be established for regulated, unregulated, groundwater and surface water systems. Plans are mostly developed where the level of water use is having or has the potential to have a detrimental impact on ecosystems (Hamstead et al. 2008) . Total available water is usually allocated between the consumptive, via water access entitlements, and the non-consumptive pool. A water access entitlement provides water users (e.g. irrigation, recreation, environment, town supply) with an on-going entitlement to exclusive access to a share of water from a specified consumptive pool as defined in the plan.
Developing an effective water-sharing plan requires access to and consideration of a wide range of information sources. Three important information sources used in water planning are climate science (e.g. hydrology), biotic and socio-economic. In broad terms hydrological investigations are required to determine the amount of water available in a water system and how much is used now and projected to be used in the future; biotic investigations are for determining ecological water requirements; and socio-economic assessments to better understand water use values.
As a management tool, water-sharing plans provide a level of security and confidence to water users by prescribing how water is to be distributed between competing interests under different water availability scenarios. The NWI considers it as an important tool to assist governments and the community to determine water management and allocation decisions to meet productive, environmental and social objectives (COAG 2004) . Each state and territory has its own process for water-sharing planning, although common, iterative steps are applied across all jurisdictions (Table 1) .
INCORPORATING POTENTIAL CLIMATE CHANGE IMPACTS IN WATER-SHARING PLANS
At a minimum, water-sharing plans should incorporate the best known information on catchment inflow variability; identify potential climate change risks; and set out the rules agreed to respond to unplanned events. The uncertainty of the information used also needs to be considered when setting rules for how an unplanned, reduction in availability of water is to be allocated between water users. For example, there are large sources and levels of uncertainty with climate projections. Hence, management triggers to respond to changes in water availability should not be solely based on climate projections but more qualitative information, such as a percentage reduction accepted by all water users (e.g. 80% reduction -entitlement water is first reduced, then environmental water provisions and lastly distribution flows). The Northern SWS has a range of both explicit and implicit approaches for dealing with the potential climate change impacts. Upfront, it does acknowledge that climate change and variability is likely to be the biggest factor affecting future water availability. The plan provides tables and graphs that assist water users to manage their risks, including climate change impacts (DSE 2009). These include projections of water availability, for the major regulated water systems in the region, under the five scenarios to 2055 (Table 3 ) and the impact of two climate scenarios on reliability of water entitlements (Table 4) .
With entitlement water, the SWS references the processes, rules and future actions to manage entitlement use and climate variability, including who is responsible and accountable for implementing and revising these processes.
Example of actions include the establishment of trigger levels for applying restrictions on extraction to allow only minimum passing flows when a system is severely stressed.
A general, four-step hierarchy of how entitled water is allocated is described in the plan: 1) allocation for the operation of the distribution system; 2) for high-reliability entitlements; 3) reserve for the following season's high reliability water shares; and 4) allocations to low-reliability water shares. The reserve allocation is for managing variability between years. Another adaptive management mechanism in the plan is the 'carryover' principle to allow entitlement holders to keep their unused water allocation in the storages for use in the following season.
The plan acknowledges that integrated management approaches are to be used for managing environmental objectives, using a mix of environmental water, structural works to deliver water and complementary measures (e.g.
fencing to keep out stock). It supports a 'seasonally adaptive' approach, and includes a table that summarises the necessary environmental objectives under four general climate scenarios (i.e. drought, dry, average and wet to very wet). For example, under a drought climate the objective is to maintain key refuges, whereas under 'wet to very wet' climate, it is to maximise recruitment opportunities for key river and wetland species. provides for the development of statutory water-sharing plans to protect water for the environment and to secure the rights of water users (e.g. irrigators). The plans exist for a ten-year period. There are two main types of water-sharing plan:
those that cover a specific surface or groundwater system; and macro plans which cover a number of water systems. 
A less resource-intensive approach
As demonstrated above, scenario planning is often used in water-sharing planning to increase water users' confidence in access to water. Much technical information (e.g. climate science, economics, etc.) is required to undertaken scenario planning, with still large sources of uncertainty in the results.
Another approach is to set the water-sharing rules for a range of water availability scenarios based on a percentage reduction of expected availability that is not based on projections but rather figures agreed to by stakeholders. Extensive consultation would be required with all water users to develop the rules for how water is to be shared, but it could be as simple as asking water users this question: how is the water to be shared when it is reduced to 20% of expected availability?
Government legislation, strategies and specific policies could assist in directing the discussion and resolution.
Specific management triggers and responses could be described for different percentage reductions of expected water availability. For example, 60% reduction -entitlement water is first reduced up to 50% and then the remaining reductions are taken from environmental water provisions; 80% reduction -entitlement water is first reduced up to 95%, then environmental water provisions, and lastly distribution flows. As with scenario planning, this approach would also assist water users to understand how water is to be distributed as a result of reduced water availability, including extreme reductions, and to be better able to manage their risks such as establishing their own contingency measures. The result of this approach in a water-sharing plan could be similar to the management response and trigger table provided in the Western Australia La Grange plan. However, it would focus on reduced water availability rather than reduced allocation limits, and go further to define the distribution rules without leaving it to governments to decide how best to respond when the time arises.
Summary
The water reforms in Australia are comparatively advanced compared with other countries. However, this review highlights that there is still significant opportunity for improved planning and management to effectively deal with risks of potential climate change impacts in water-sharing plans. Table 5 provides a summary of the approaches discussed above; it is not an exhaustive list. Most of the approaches are general risk management mechanisms, not specific to climate change, and would need further refinement to address these climate change impacts (e.g. detailed water-sharing rules for allocating an 80% reduction in expected water availability).
TRANSFERABILITY OF AUSTRALIAN APPROACHES
To provide a broader context, this section first briefly discusses various drivers that affect water availability and some of the major concerns with the Vietnam water sector. It then reviews the transferability of the approaches used in Australia to address potential climate change impacts in water-sharing plans in Vietnam.
There are a range of drivers that will increase the risk of In addition, the lack of water-sharing policy implementation (e.g. establishment of water rights, environmental provisions)
will result in the unsustainable use of water resources owing to a greater reliance on unregulated water (KBR 2009).
Institutionally, Vietnam's water sector is extremely complex with around 12 different agencies involved in water management (Turner et al. 2009 ). At both national and provincial levels, the communication between these agencies Industry (MoTI) are weak, and need to be strengthened to ensure effective water-sharing planning. MARD has the responsibility to manage the irrigation sector and MoTI the responsibility to manage the hydropower sector: both sectors are significant users of water resources and will need to be engaged in the water-sharing process.
Adding to the complexity is that the responsibilities are National and provincial agencies' roles and responsibilities in the implementation of various components in watersharing plans need to be defined to increase transparency, accountability and confidence that the agreed process will be implemented. This is an area for improvement in Australia as well. For example, in Vietnam the water-sharing plan could state that MONRE is responsible for the management of the water resource, including providing for water entitlements.
With a climate change event, such as for example an 80% reduction in expected water availability, MONRE would have the responsibility to ensure the water available was allocated to those water users agreed to in the plan under this reduced allocation limit. It would require MONRE, and not MARD, to advise irrigators that their entitlements will be reduced. 
CONCLUSION

